constipation, diarrhea, disrupted swallowing, heartburn/reflux, and nausea/vomiting. This distinction is important, because patients must first present to a health-care provider for evaluation of GI symptoms before specific diagnoses can be made. In other words, symptoms often precipitate care seeking and may serve as the point of entry into the health-care system. Therefore, measuring the prevalence of digestive diseases without assessing the prevalence of underlying symptoms in the community at large fails to capture the overall burden of illness.
Moreover, there is a substantial proportion of Americans who regularly experience GI symptoms but do not seek care from a clinician. Less than 20% of individuals with abdominal pain, bloating, or diarrhea consult a health-care provider for evaluation and management of their symptoms [14] . Therefore, prior epidemiological studies that focused on digestive diseases and health-care utilization data may underestimate the true burden of GI symptoms among the general population. To address this gap in knowledge, we aimed to use data from the "National GI Survey"-a population-based audit of GI symptoms in >71,000 Americansto determine the distribution and predictors of GI symptoms in community-dwelling Americans.
MethodS

Study Design, Data Source, and Study Population
We performed a retrospective cross-sectional study using data from the National GI Survey [16] [17] [18] , a population-based survey that aimed to determine the prevalence and distribution of GI symptoms in community-dwelling Americans. This study was approved by the Cedars-Sinai Institutional Review Board (Pro41586).
The National GI Survey was based on MyGiHealth (mygi. health), a mobile app that uses a computer algorithm to systematically collect GI symptom information. When participants first logged on to the survey, they were asked to "Select any symptom(s) you experienced in the past week" and answer options included the following: (i) abdominal pain; (ii) bloat/gas; (iii) bowel incontinence; (iv) constipation; (v) diarrhea; (vi) disrupted swallowing; (vii) heartburn/reflux; (viii) nausea/vomiting; and (ix) none of the above. These symptoms are based on the National Institutes of Health (NIH) Patient Reported Outcome Measurement Information System (PROMIS ® ) framework of GI symptoms, which we previously developed and validated using data from >2000 subjects [19] [20] [21] . For each reported symptom, respondents were then guided through the corresponding GI PROMIS questionnaires (refer to www.healthmeasures.net for actual item banks) [22] . Participants were also presented additional demographic, socioeconomic status, and medical comorbidity questions.
The National GI Survey was conducted from October 14, 2015 to November 4, 2015. To recruit a representative sample of Americans who were aged ≥18 years, we partnered with Cint ® (www. cint.com), a survey research firm. Cint partners with panel companies and research panels across the U.S. and all together has access to >10 million potential research participants. We used quotas for age, sex, and region of the country (Northeast, South, Midwest, and West) to support recruitment of a population-based sample.
With respect to U.S. region, the following quotas were used: Northeast-19%, South-36%, Midwest-23%, and West-22%; Supplementary Table 1 lists the individual states within each U.S. region.
Panelists who met U.S. quota criteria for age, sex, and region of the country were sent an email through Cint research panels inviting them to complete an online survey. The email included a link to the survey along with the following templated text, which was subject to editing from individual research panels: "Based on the information stored in your [research panel] profile, we believe we have a survey that you will qualify & earn from. The survey takes approximately 15 min and if you successfully complete it, your account will be credited with [incentive] . " Users who clicked the link were then brought to the survey home page that asked them to complete a "GI Survey. "
The Cint platform utilizes a reward system based on marketplace points. The number of points awarded is predetermined by Cint and is based on the anticipated length of the survey and not on the actual amount of time respondents spend on the questions. In other words, respondents do not earn more points by artificially extending the survey and answering more questions. On reaching a certain redemption level, panelists can redeem their rewards through different online payment partners linked to Cint. The size of the redemption is based on the number of points earned. Panelists can choose to receive their rewards in cash sent to their bank accounts or they can shop online with participating merchants or make payments to a charity. Incentive levels have been set to encourage long-term participation and to discourage professional respondents who seek to take surveys only to obtain payment.
Outcomes
Our primary outcome was prevalence of at least one of the following GI PROMIS symptoms in the past week: (i) abdominal pain; (ii) bloat/gas; (iii) bowel incontinence; (iv) constipation; (v) diarrhea; (vi) disrupted swallowing; (vii) heartburn/reflux; (viii) nausea/vomiting. Among those who reported experiencing a GI symptom in the past 7 days, we also examined prevalence of overlapping symptoms (i.e., two or more co-occurring symptoms) as our secondary outcome.
Covariates
We identified demographic, socioeconomic status, and medical comorbidity data that may have influenced prevalence of GI symptoms. Demographic variables included age, gender, race/ethnicity, and marital status. Socioeconomic status variables included the highest level of educational attainment, employment status, and total household income. All individuals were also asked to identify whether they had been diagnosed by a physician with any of the following comorbid conditions that affect the GI tract: cancer of the digestive system, celiac disease, cirrhosis, chronic constipation, Crohn's disease, diabetes, endometriosis, gallstones, gastroesophageal reflux disease, HIV/AIDS, irritable bowel syndrome, pancreatitis, peptic ulcer disease, thyroid disease, and ulcerative colitis.
Statistical Analyses
All statistical analyses were performed in Stata 13.1 (StataCorp LP, College Station, TX). We used post-stratification to adjust for Burden of Gastrointestinal Symptoms in the United States...
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The American Journal of GastroenteroloGy over-and under-sampling of subgroups in the National GI Survey; this decreases bias due to nonresponse and under-represented groups in the population [23, 24] . Specifically, population weights based on latest U.S. Census data for age, sex, and race/ethnicity were applied to the sample data in order to produce population estimates (Supplementary Table 2 ) [25, 26] .
A two-tailed p value of <0.05 was considered statistically significant. In bivariate analyses, categorical variables were compared using chi-squared test. For multivariable analyses, we performed population-weighted (PW) logistic regression models to adjust for potential confounding factors and to calculate odds ratios (ORs) and 95% confidence intervals (CIs) [23, 24] . These regression models were performed on our primary (prevalence of ≥1 GI symptom in the past week) and secondary outcomes (prevalence of overlapping GI symptoms [i.e., two or more co-occurring symptoms] in the past week), adjusted by all demographic, socioeconomic, and selfreported medical comorbidity variables described above. We also performed the above analyses among the subgroup of individuals who did not report any physician-diagnosed medical comorbidities.
reSultS
Study Population
Over 1.3 million individuals were invited to complete the National GI Survey, among whom 124,674 (9.4%) accessed the survey. Of those who accessed the survey, 71,812 (57.6%) completed the survey and were included in the analytic sample. Demographics for the study cohort are listed in Table 1 Figure 1 depicts the prevalence of the individual symptoms. The most common symptom was heartburn/reflux, with nearly one third having experienced it in the past 7 days. We found that nearly a quarter of Americans had recent abdominal pain. Bloating, diarrhea, and constipation were also common, as one fifth of survey respondents experienced these symptoms within the past week. Conversely, nausea/vomiting, dysphagia, and bowel incontinence were less common. In Supplementary Table 3 , we show the percentile scores crosswalk table for the eight individual GI PROMIS scales among symptomatic individuals. Table 2 presents ORs from the PW multivariable logistic regression on the presence of ≥1 GI symptom in the past 7 days. Increasing age was associated with decreased odds for having had symptoms. Males as well as non-Hispanic blacks and Asians were also less likely to report recent GI symptoms. On the other hand, higher educational attainment, married or prior married status, employed status, and increasing number of medical comorbidities were all associated with significantly higher odds for reporting ≥1 GI symptom in the past week. Population weights based on latest u.s. census data for age, sex, and race/ethnicity were applied to the sample data in order to produce population estimates [25, 26] The American Journal of GastroenteroloGy www.nature.com/ajg
Volume 113 | NoVember 2018
Subgroup Analysis Among Individuals Without Comorbidities
Among the 52,243 individuals who did not report having a physician-diagnosed medical comorbidity, we found that 29,527 (PW 54.0%) experienced at least 1 GI symptom within the past week, and Supplementary Table 4 presents results from the PW multivariable logistic regression. Findings among the subgroup were largely similar to the primary analyses. Older individuals, males, non-Hispanic blacks, and Asians all had lower odds for reporting GI symptoms within the past week. Conversely, those who had more education, were married or previously married, and employed were more likely to have experienced recent symptoms.
Prevalence and Predictors of Overlapping GI Symptoms
Of the 45,498 symptomatic respondents, we found that 28,453 (PW 58.4%) reported concomitant symptoms (i.e., two or more GI symptoms in the past week). Table 3 presents the predictors of overlapping symptoms. Similar to the GI symptom prevalence analyses, those who were older, male, non-Hispanic black, Latino, and Asian were significantly less likely to have concurrent symptoms. On the other hand, higher education level, married status, and increasing number of medical comorbidities were associated with a greater burden of GI symptoms. In Table 4 , we depict the overall prevalence of specific GI symptom combinations among the full study cohort. Heartburn/reflux commonly co-occurred with abdominal pain (PW 12.3%), bloat/ gas (PW 10.2%), constipation (PW 9.2%), and diarrhea (PW 9.2%). Individuals with abdominal pain also frequently reported bloat/gas (PW 11.6%), diarrhea (PW 10.0%), and constipation (PW 9.5%). Figure 2 presents the prevalence of concomitant symptoms among symptomatic respondents, stratified by individual GI symptoms.
Subgroup Analysis Among Individuals Without Comorbidities
There were 29,527 respondents who were symptomatic and did not have any reported medical comorbidities. Among this group, we noted that 17,242 (PW 55.1%) had ≥2 GI symptoms in the past week and Supplementary Table 5 presents predictors of overlapping symptoms. Just as in the primary analyses, we found that older individuals, males, non-Hispanic blacks, and Asians were significantly less likely to have concurrent symptoms. Married and employed individuals had higher odds for reporting multiple Burden of Gastrointestinal Symptoms in the United States...
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dIScuSSIon
In this large population-based study, we found that GI symptoms are very common with almost two thirds of surveyed Americans reporting some degree of symptom burden. There was an uneven distribution in GI symptoms, as females, non-Hispanic whites, higher-educated individuals, and those with medical comorbidities were significantly more likely to report symptoms. Our study has a number of significant strengths. One such strength is its focus on the prevalence of GI symptoms in the general U.S. population rather than among health-care-seeking patients. While there have been many prior epidemiological studies focused on examining the prevalence of GI diagnoses made in the ambulatory and inpatient settings [1] [2] [3] [4] [5] [6] [7] [8] , it remains important to know about the distribution of GI symptoms in the community. Prior to receiving any diagnoses from health-care providers, individuals first experience symptoms, which may then prompt care seeking. Another strength is use of a novel online digital health tool that employed validated NIH PROMIS questionnaires and computerized adaptive testing to systematically gather comprehensive GI symptom information from respondents [21, 27, 28] . This allowed us to efficiently gather data from a very large cross-section of the general U.S. population; we recruited >71,000 respondents in the span of 3 weeks. Moreover, leveraging an online platform is less resource intensive compared to other population-based surveys that require significant investments in infrastructure and personnel to conduct household and telephone interviews [9, 13-15, 29, 30] . This approach is also in line with a recommendation from the National Academy of Medicine (formerly called the Institute of Medicine) to use digital technologies to decrease the burden of data collection as one of many key strategies for transforming the health-care delivery system and population health [31] . Finally, employing digital health tools to collect population-based data in gastroenterology, hepatology, and other areas of medicine will continue to become easier to implement as use of the Internet is nearing saturation [32, 33] . The finding that GI symptoms are highly prevalent in the U.S. is consistent with prior population-based studies conducted among community-dwelling Americans. For example, a 1993 U.S. householder survey by Drossman and colleagues found that, among 5430 individuals, 69% reported at least one functional GI syndrome over the past 3 months [9] . The US Upper Gastrointestinal Study by Camilleri et al., which included a representative sample of 17,484 noninstitutionalized respondents who were interviewed in 1999, found that 45% of individuals experienced at least one upper GI symptom (e.g., heartburn, nausea/vomiting, bloating, abdominal pain, etc.) each month over the past 3 months [15] . That study also revealed that 82% of Americans experienced an upper GI symptom at any point during that same time period [15] . Sandler and colleagues also conducted a national survey of 2510 respondents in 1997 that focused on the prevalence of abdominal pain, bloating, and/or diarrhea; 41% reported at least one symptom over the past month [14] . Our results from the National GI Survey continue to demonstrate the persistent high burden of GI symptoms among community-dwelling Americans. As GI symptoms are both common and can cause significant physical, mental, and social distress [34] , it becomes vital for health-care providers to proactively screen for these symptoms. Yet, it is also important to note that many symptomatic individuals do not actively seek care from health-care providers. In the study by Sandler et al., only 19, 16 , and 9% of those with abdominal pain, bloating, and diarrhea, respectively, consulted a physician about their symptoms [14] . Developing strategies for reaching out and encouraging these individuals to engage with the health-care system is paramount, particularly as many will have treatable disorders.
We also found differences in symptom prevalence among the various racial/ethnic groups. Namely, non-Hispanic blacks and Asians are 31 and 35% less likely, respectively, to have experienced GI symptoms within the past week compared to non-Hispanic whites. Non-Hispanic blacks and Asians along with Latinos also have lower odds for reporting concomitant symptoms. Whether this reflects a truly lower symptom burden or cultural factors in reporting symptoms is unclear. In the population-based study by Sandler and colleagues, no differences were seen between whites and non-whites in the prevalence of abdominal pain/discomfort or bloating/distension [14] . However, they did find that a higher proportion of whites reported diarrhea [14] . In a systematic review by Higgins and Johanson focused on constipation, they found that non-whites are 13 to 189% more likely to have constipation vs. whites [12] . As for heartburn/reflux, the most commonly reported symptom in our study, El-Serag and colleagues found no differences in symptom prevalence between whites, blacks, and others [35] . It is worth mentioning that these prior studies along with others had limited number of individuals from other racial/ethnic groups, including Latinos and Asians, and resorted to grouping them as non-whites [12, 14, 35, 36] . This is problematic given the increasing diversity of the U.S. population and marked heterogeneity and cultural differences among the various groups. However, this is where use of Internet-accessible survey platforms can lead to effective and efficient recruitment of a diverse population. Our online platform led to a study cohort that mirrors data from the latest U.S. Census and captures the rich racial/ethnic diversity of America [37] .
We also found that higher educational attainment is associated with increased prevalence of GI symptoms. Namely, more education led to 40-77% increased odds for reporting a symptom within the past week. The prior literature, both in the U.S. and worldwide, has shown an inconsistent relationship between GI symptoms and education level. Camilleri et al. showed an inverse relationship between education and GI symptoms; less educated individuals are more likely to be symptomatic [15] . A Korean population-based study by Jeong and colleagues similarly found that individuals with chronic GI symptoms are more likely to have less education [38] . Conversely, among a representative sample of Singaporeans in which Chinese and Indians received more education than Malays, chronic GI symptoms are equally prevalent among the three groups [39] .
In contrast to education, we found that increasing age is associated with decreased reporting of symptoms. Those in the 45-64 and ≥65 year groups are 16 and 37% less likely, respectively, to have had GI symptoms in the past week when compared to their younger counterparts. Even in subgroup analysis among those who did not report any medical comorbidities, increasing age was still significantly associated with decreased odds for reporting GI symptoms. This is consistent with findings from Drossman et al. and Chang et al. who also found that reporting of most functional GI syndromes decreases with age, with the main exception being fecal incontinence [9, 40] . Sandler and colleagues similarly found a lower prevalence of abdominal pain, bloating, and diarrhea among those aged ≥60 years [14] . While elderly individuals are more Burden of Gastrointestinal Symptoms in the United States...
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The American Journal of GastroenteroloGy likely to have disorders (e.g., diabetes, Parkinson's disease, etc.) and take medications (e.g., calcium channel blockers, antidepressants, etc.) that affect the GI tract [41] , this does not appear to translate to increased GI symptom burden. However, prior population-based surveys [9, 14] , including our own, may have selected for healthier, more functional, and/or independent elderly respondents, thereby underestimating the prevalence of GI symptoms among this subgroup. We also found that overlapping GI symptoms are common in the general U.S. population. Among symptomatic individuals, nearly 60% experience two or more concomitant symptoms. As expected, predictors of overlapping GI symptoms are similar to predictors for the presence of any GI symptoms. Namely, younger age, female gender, non-Hispanic white race/ethnicity, increasing education level, married status, and increasing number of medical comorbidities are significantly associated with having co-occurring GI symptoms. With respect to specific GI symptom combinations, we noted that both heartburn/reflux and abdominal pain frequently co-occur with bloat/gas, constipation, and diarrhea in the general population. This is in line with the US Upper Gastrointestinal study which noted that many of those with heartburn/ reflux also report bloating and abdominal pain [15] . As heartburn/ reflux and abdominal pain are the two most common symptoms, health-care providers should proactively screen for other concomitant symptoms, particularly bloating/gas and altered bowel habits. Our findings are also consistent with other studies focused on overlapping functional GI disorders [9, 42, 43] . For example, a study of an urban Australian population by Talley and colleagues demonstrated that 57 and 40% of those with irritable bowel syndrome also had dyspepsia and heartburn, respectively [43] .
Our study has important limitations. First, there is risk of recall bias since the symptom data were self-reported. However, the recall period for GI PROMIS questionnaires is only 1 week, and PROMIS questionnaire have been widely validated as part of an NIH consortium [21, [44] [45] [46] . Second, the National GI Survey was cross-sectional; we did not longitudinally follow respondents to assess for chronicity of their symptoms. A third limitation relates to generalizability, as the survey was administered solely online. While at the time of our survey in 2015 86% of Americans were using the Internet [32] , our results nonetheless may not be generalizable to those who do not possess basic computing skills or lack regular access to the Internet. However, data from the Pew Research Center showed that Internet use was common even among individuals aged ≥65 years (63%), those with (78%) and without a high school degree (62%), and those earning <$30,000/ year (76%) [32] . Fourth, while the survey research firm employed U.S. census region quotas to facilitate recruitment of a populationbased sample, we did not have access to region data for each individual respondent. We were thus unable to assess for geographical variations in GI symptoms. Fifth, the National GI Survey also did not collect information on certain demographic and lifestyle factors that may impact prevalence of GI symptoms, including body mass index and use of tobacco or alcohol. We also did not collect information on current use of prescription and over-thecounter medicines. While the interplay of these medicines on GI symptom prevalence can be difficult to disentangle (e.g., proton pump inhibitors may reduce heartburn/reflux and abdominal pain symptoms but may increase the odds for bloating and diarrhea), it is nonetheless an important factor to consider. In our upcoming National GI Survey 2, we aim to address these issues by systematically collecting information on body mass index, tobacco, alcohol, and medication use, as well as geographic location. Finally, there is a risk of participation bias through describing the study as a "GI Survey" to potential respondents. GI symptom prevalence could have been overestimated if users without GI symptoms chose not to respond. While this is a common limitation for this type of study, we aimed to minimize participation bias through the reward system that incentivizes users, even those without GI symptoms, to complete the survey. In fact, 39% of respondents did not report any symptoms within the past week. Additionally, our results are largely in line with other population-based studies both in the U.S. and internationally, supporting the validity of our findings [9] [10] [11] [12] [13] [14] [15] . Moreover, we would also not expect this to have affected our overlapping GI symptom regression analysis, as it is unlikely that there are systematic differences between survey responders and nonresponders with GI symptoms.
In conclusion, in a representative sample of >71,000 Americans, we found that nearly 2 out of 3 individuals are burdened by GI 
The American Journal of GastroenteroloGy symptoms. There is also an uneven distribution of symptoms, as younger individuals, females, non-Hispanic whites, higher-educated individuals, and those with medical comorbidities are more likely to be symptomatic. Further research is needed to evaluate the role of age, race/ethnicity, culture, and education level on symptom prevalence. Our study also serves as a model for the use of novel digital health technologies for effectively and efficiently collecting population-based data both in gastroenterology/hepatology and other areas of medicine. 
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Study Highlights
WHAT IS CURRENT KNOWLEDGE?
✓ digestive diseases account for >100 million ambulatory care visits annually in the u.S.
✓ Yet, individuals first experience gastrointestinal (GI) symptoms prior to presenting to health-care providers for evaluation and management of their symptoms.
✓ comparatively less work has been done to examine the true burden of GI symptoms in the general u.S. population.
WHAT IS NEW HERE?
✓ We conducted the national GI Survey using a novel online digital health tool that employs nIh ProMIS questionnaires to systematically collect GI symptom information.
✓ In a population-based sample of >71,000 Americans, we found that 2 out of 3 individuals experienced a GI symptom(s) within the past week.
✓ overlapping GI symptoms were common, as nearly 60% of symptomatic respondents had ≥2 concurrent symptoms.
